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Introduction to Green IT
Introduction to Green IT 5 too far from 98.6°F, if we do not receive air, food, or water for a certain period of time, or if many other conditions are not met, we cannot continue to exist. Throughout this text, the term "environmental" will refer to the collection of topics that relate to the nonhuman physical and biological context in which humans live, and on which we rely for our continued existence.
The key problem in the way humans understand and act on environmental issues is one of scale. Environmental issues tend to occur on broad scales of time, space, and complexity compared to the typical scope of human concerns. These differences are particularly apparent in domains such as population, resource use, waste production, and species extinction. Regarding the first of these areas, the world population is approximately 6.7 billion people and has been increasing rapidly, doubling within the last forty years. People inhabit over 190 countries, speak thousands of languages, and live in cities with millions of inhabitants. Within this century, the world population is likely to grow to over 9 billion (United Nations, 2004) .
People are exhausting natural resources, many of which regenerate slowly through nonhuman processes, on a global scale; nevertheless, we do not adequately address the restoration of these resources. For example, humans consume oil and other petroleum products at a rapid rate, but these resources only come into existence naturally via geologically long periods of compression and heating. "Peak oil" is the term given to the point at which worldwide petroleum production will reach its maximum level; this point is seen as occurring within the next few decades, if it has not already happened (U.S. Government Accountability Office, 2007) . Peak oil indicates the dramatic imbalance between the time scales of petroleum formation and exploitation.
As another example of humanity's vigorous resource use, consider that half the world's forests, which once covered 48 percent of Earth's surface, have disappeared during human history (NRDC.org, 2004) . The loss of these forests has a variety of effects, such as reducing the planet's ability to convert CO2 to breathable O2 and eliminating the habitats of many biological species. Beyond the impacts we can already see, the long-term environmental effects of human civilization's current actions will take decades or centuries to emerge fully. Therefore, it is likely that increasing environmental degradation as a result of human resource consumption will be with us for a long time.
In the process of using these resources, humans produce large amounts of waste as well. For example, in 2005, the world produced over 28 billion metric tons of CO2 from the consumption of fossil fuels (U.S. Environmental Protection Agency, 2007) ; CO2 is one of the greenhouse gases (GHG) largely responsible for global climatic disruption. (John Holdren [2008] , Barack Obama's science and technology adviser, prefers the term "global climatic disruption" to "global warming.") According to the Intergovernmental Panel on Climate Change (IPCC, 2007b) , "Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations" (p. 10).
Global climatic disruption is the most famous problematic result of this waste production, but there are many others. According to the U.S. Environmental Protection Agency (2008a), the United States produces 230 billion kilograms of municipal solid waste per year, or more than 2 kilograms per person per day. In 2006, people around the world consumed 47 billion gallons of bottled water; the United States had the highest per capita consumption of bottled water, at more than 29 gallons per person that year (BottledWater.org, 2006) . Only 31 percent of these bottles were recycled; the others ended up in landfills or other locations (U.S. Environmental Protection Agency, 2007) . Taken together, these unsustainable habits represent a major issue that needs to be addressed. Nevertheless, the impacts of these choices are rarely immediately apparent, but instead unfold over long periods of time, at great distances away, and in a variety of indirect ways.
The drastic increase in worldwide species extinctions over the last several hundred years also suggests that we are not on a sustainable trajectory. According to a report by the Secretariat of the Convention on Biological Diversity (2006), a treaty signed by 150 world government leaders at the 1992 Rio Earth Summit, "Species are going extinct at rates 1,000 times the background rates typical of Earth's past." This trend is sometimes referred to as the "Sixth Extinction" (Leakey & Lewin, 1996) -the sixth major extinction event since the beginning of life on Earth, and the most severe since the extinction of the dinosaurs sixty-five million years ago. The ecological factors that underlie each species' extinction are complex; taken together, the complexity involved in the extinction of thirty to fifty thousand species per year (Leakey & Lewin, 1996; Olson, 2005 ) is difficult to grasp.
The extinction of species is significant not just for whatever inherent value one might place on the species themselves. Additionally, the sustainable survival of humans is more likely if there are many different kinds of life in existence. Diversity offers robustness in the face of perturbation. Diverse ecosystems are able to absorb and adapt to change more easily than homogeneous ecosystems. There are numerous examples of the fragility of monocultures (i.e., large tracts of the same crop), such as the potato blight that caused the Great Irish Famine in the mid-nineteenth century, and the spread of the boll weevil across cotton farms in the southeastern United States in the early twentieth century. Humans are part of the ecological complexity of Earth. While the world may be made temporarily more amenable to humans by the dedication of large areas of land to corn, palms, and cows, our tendency to exploit a few species on large scales leads to the extinction of many others, and thereby threatens the stability of the global ecosystem as a whole.
The environmental issues currently facing the planet are substantial. Nevertheless, people, governments, and other human institutions often choose to attend to other, more immediate, local, or accessible concerns, rather than addressing any of the above problems with vigor.
Humans Operate on Narrow Scales of Time, Space, and Complexity
In the above brief account of some of the world's environmental issues, I used a common shorthand in discussions of scale: whenever I used an adjective like "large," "slow," or "big," I assumed that the reader would understand that I meant each of these terms "from a human perspective." The amount of CO2 humans produce is not large when compared to the mass of the Sun. The process of forest regeneration is not slow when compared to continental drift. The extinction of a single species is not complex compared to the evolution of all life. Nevertheless, to a person trying to make sense of these issues, the scales involved are larger than those we typically confront.
Environmental issues tend to occur on much broader scales than humans are skilled at comprehending.
Human anatomy, physiology, and behavior evolved to deal with a certain set of problems that recurred frequently in our ancestors' lives. They looked for food and water; they avoided danger; they sought opportunities for reproduction; and they cared for their children. All of these interactions usually happened on what I will refer to as "human scales" of time, space, and complexity. Individual humans rarely worried about gathering food a thousand years after their deaths. They did not concern themselves with a boulder bounding down a mountain in a different continent; they worried about the ones over their heads. And in helping their children learn and grow, they taught them about the world they would encounter every day, so that they too might live well.
As humans developed more and more complex societies, moving to unprecedented forms of communication, memory, and collective action, cultural factors began to broaden their horizons. People developed rules and laws to enable them to plan further into the future and live together at larger scales. They told stories about their past encounters so their social partners could learn from their experience without needing to suffer any negative outcomes themselves. They developed governments and corporations so that they could together reap the benefits of broader-scale activity. Economic innovations such as discount rates enabled them to formalize the way value changes over time. City walls and political borders helped humans understand the limits of their physical domains. Organizational hierarchies and division of labor let people manage the growing complexity of their lives.
Human scales of time, space, and complexity are broad, from some perspectives.
Our lives are long when compared to those of ants; our bodies are big when compared to bacteria; and our ability to comprehend is vast when compared to that of a macaque. Nevertheless, the topic of this book is environmental change, and the relative narrowness of human comprehension and action when compared to the scale of the world's environmental concerns is a critical factor in our ability to respond effectively.
"Business as usual"-that is, continuing along current trajectories of population, resource consumption, waste production, and global impact-with our current horizons of time, space, and complexity, is not sustainable. 
IT Compresses Time, Space, and Complexity
Technology, our ability to work with tools and develop techniques for manipulating our environment to better serve our liking, developed alongside human communities and has a long history of extending our reach. We invented agricultural implements, rapid transportation systems, and powerful weapons. Technology has provided a "force multiplier" in many domains of human experience, letting us act with greater impact for less effort. Through the technologies we have developed, humans have made our own horizons broader, crossing oceans, forming multinational organizations, and watching light arrive from long-dead stars.
IT in particular has proved to be effective at broadening our horizons, or seen another way, compressing time, space, and complexity. IT compresses time in many waysfor example, by storing abundant information for later retrieval, letting us model the past and predict the future, and enabling the synchronization of many different human activities. IT compresses space by allowing us to communicate over great distances, browse maps of the entire world, and transport goods and people around the globe.
IT compresses complexity by augmenting our memories, allowing devices to perform repetitive calculations, and establishing agreed-on standards for the cooperation of devices and people. Across human history, IT systems have been critical in broadening the scales on which humans operate. We need systems that broaden our understanding and ability to take action across broad ranges of time, space, and complexity; framed another way, we need compression algorithms that shrink global environmental problems to human-comprehensible scales.
In terms of human institutions rather than just individuals, IT helps bridge gaps in scale as well. IT has been used to provide more comprehensible information to individuals about a variety of institution-scale phenomena, from stock prices to electricity rates to election results. IT also allows institutions to act more effectively based on expert opinions and analyses predicated on computational simulation, modeling, and visualization. IT has the potential to extend both of these connections, bridging from human scales to institutional ones, and institutional scales to environmental ones, thereby indirectly enabling individuals to impact environmental concerns via the mediation of institutions.
Green IT Bridges from Human Scales to Environmental Scales
Technology and IT have not always worked to the benefit of environmental sustainability. In fact, quite the contrary: technological innovations have allowed us to farm, Green IT can also improve large-scale planning and policy decisions. IT is helping scientists and other experts develop an understanding of many real-world phenomena-a critical factor in making informed, far-reaching decisions. Visualization and modeling techniques can help policymakers understand scientific factors and likely outcomes more fully, thereby allowing for more informed decisions. E-government systems can involve the populace more effectively in policymaking, providing citizens with information about why decisions are made, and encouraging them to participate in community-or worldwide efforts.
Institutional action through Green IT also has the potential to enable individuals to live more sustainably on a large scale. It is often difficult to make environmentally sensitive choices when those choices are discouraged by law or lack of infrastructure.
Understanding the ways in which human institutions can provide individuals with environmental options is crucial to the goal of achieving global sustainability.
It is important to note that there is fluidity between personal and institutional Green 
An Extended Human-Centered Approach
This book is grounded in the field of human-centered computing (HCC), and takes a human-centered approach to the Green IT field. HCC focuses on humans as the most important element in the development of computing systems. Moving beyond narrowly scoped HCC, however, Greening through IT presents an extended view of humancenteredness, looking at how computing can situate human civilizations at the locus of responsibility for environmental issues, and enable individuals and groups to act to resolve these issues. This human-centered approach is distinct from anthropocentrism and is not meant to downplay the significance of the survival of other species; rather, it sees humans as the species with the greatest potential to orchestrate a coherent response to the world's current environmental problems, and therefore the most expedient path to addressing those issues.
HCC arose from a response by computing professionals and researchers to an earlier state of computing. During its first few decades, computing resources were scarce, and hence humans were expected to take a great deal of effort to organize and customize content intended for computers prior to its being input into the machine. From large stacks of punch cards to complex command-line systems, interfaces to computers were complex and unintuitive. In the last several decades, though, as computing power has become more abundant and less limiting, there has been a move toward increased human usability in computing. Humans began to have more active roles in humancomputer systems (Bannon, 1992) , and to be included in the process of designing interfaces. As computers have reached a mass market, designing interfaces for ease of use rather than just computational efficiency has become increasingly important to the computing industry.
HCC continues to be a growing field, with programs at the U.S. National Science Foundation (NSF), the U.S. National Aeronautics and Space Administration, and several major research universities. NSF offers the following definition of the area:
[ A human-centered approach leads to several benefits. It produces computing systems that allow people to work more effectively and play more enjoyably. It develops interfaces that mesh smoothly with people's abilities and desires. It allows for communication and collaboration on previously unheard-of levels. Through these and other advantages, a human-centered approach contributes to greater human happiness.
Extending the focus of HCC to consider factors on a broader set of horizons than the usual scope of individual humans provides the central structure around which this book is organized. This "extended human-centered computing" (EHCC) perspective provides a way of understanding the potential for Green IT. This view discards the notion that the immediate gratification of human desires is an unconquerable problem for the world's ecosystems.
A broader set of horizons for HCC is necessary if the world's environmental concerns are to be addressed effectively. There is already some awareness in the research community of this need. For example, NSF includes "broader impacts" as one of its key evaluation criteria for grant making. Yang Li and James Landay (2008) The human-centered approach taken here also embraces human institutions such as corporations, universities, governments, and other organizations. These institutions were formed by humans and are staffed by humans; as such, they often reflect a human-centered approach. They tend to have broader horizons than individuals; however, they tend to focus on problems facing groups of people. In order for most institutions to deal effectively with environmental concerns, they too need to broaden their horizons still further in time, space, and complexity. While my research over the past several years has tended to focus on personal Green IT, and therefore many of the examples throughout this book are from that domain, the core principle of this textthat IT can help make connections between human-scale action and broader environmental concerns-applies to human institutions as well as individuals.
Broadening Time
While NSF's vision for HCC does include some attention to human values such as environmental sustainability and social justice, and thus has some connection to broad-scale undertakings, there is a pervasive rhetoric associated with HCC that leads to short-term satisfaction of human users' needs and desires. I use "short-term" here in the economic sense, as in short-term capital gains, rather than in the cognitive science sense, as in short-term memory. Unless otherwise specified, I will use "short-term" to mean hours, days, weeks, or months, and "long-term" to mean years, decades, centuries, and millennia.
Relatively short-term human satisfaction has been a primary focus for much HCC- A focus on short-term human usability and support in computing also makes sense given the computing field's history of interfaces that required humans to alter their behavior profoundly to accommodate machines' needs. Moreover, there is nothing inherently wrong with attending to the short-term needs and desires of users. In fact, if their short-term needs and desires are not attended to, users will frequently abandon a system. However, a key issue here is that it is insufficient to concentrate only on shortterm issues. Computing researchers and professionals need to look at long-term issues as well.
Making it more socially acceptable to think about issues on a longer time scale could help. People are capable of delayed gratification-that is, making decisions that are costly in the short term but beneficial in the long term. Savings accounts, dieting, and university educations could all be seen as examples of this phenomenon. Because of differences in how people perceive the value of present benefits versus the value of benefits in the future, individuals may disagree on the most effective use of current effort and resources. The ability to postpone the satisfaction of current desires in order to protect against global climate disruption and other environmental concerns is nonetheless a crucial element of the process of fostering Green IT.
Broadening Space
In addition to helping us think with a thousand-year time window or longer, Green IT can also help enable scaling of our impact across the spatial dimension. In order to address the world's environmental problems, we will need to work together across the globe to find suitable resolutions. Invariably, different individuals and organizations will bring different experiences, opportunities, and expectations to the discussion. Enabling disparate groups to work together is one of the most important goals that can facilitate sustainability on a large scale.
A global perspective is critical to addressing sustainability effectively. A distinction often made in discussions of international themes involves the separation between the "developed world" and the "developing world." This second term implies a movement toward a higher quality of life and likely greater environmental impact. Perhaps a separation into "more resource-intensive nations" and "less resource-intensive nations," which would create a distinction along somewhat different lines, would be more useful to the current discussion.
It is crucial that people in nations that are currently less resource intensive become engaged with the process of achieving environmental sustainability. For example, over the last twenty-five years, China has accounted for 80 percent of the increase in industrial energy demand (International Energy Agency, 2007); enabling the Chinese and other nations to continue to improve their standard of living without repeating the environmental mistakes of previously industrialized countries is an essential piece of a global sustainability effort. This stance is not intended to align with the hypocritical perspective that suggests that it was acceptable in the past for industrialized nations to pollute on their way to a high quality of life, but that it is not acceptable now for countries aspiring to that same quality of life. Rather, the goal is to help find ways that less resource-intensive nations can achieve a high quality of life for their citizens that is less costly and more sustainable because it takes advantage of recent discoveries and innovations.
One of the advantages that most of the less resource-intensive nations have with regard to sustainability is a lack of entrenched infrastructure that perpetuates environmentally harmful behavior. People in many of these countries are receiving their first introduction to computers through mobile phones rather than desktop computers. If there were to be sustainable systems that could be viable on a large scale, it may be that nations in the process of establishing a modern infrastructure could lead nations with entrenched legacy systems. This phenomenon, known as leapfrogging, can potentially As will be discussed in chapter 2, however, monoculture leaves a farm open to catastrophic failure, while diversity breeds robustness. Although it may be marginally more efficient to have all civilizations work the same way, embracing the differences among cultures will help to develop a global system that is sustainable and robust, and perhaps better able to survive changing circumstances.
The global human rights movement provides a good case study of an effort to enable global cooperation without trying to force unnecessary standardization. The United Nations has long upheld the Universal Declaration of Human Rights (UN General Assembly, 1948), listing rights to freedom, education, and other topics seen as universally due to all humans. This declaration provides a framework for understanding how governments ought to act toward their citizens.
Environmental issues and human rights are closely connected. It is hard to convince people to care about a rain forest fifty years in the future when their children are hungry right now. There is also an inverse correlation between the education level of women and their fertility rate (Akmam, 2002) ; in this light, the work being done to increase levels of education, in particular among women, may be among the efforts with the longest reach in terms of both environmental and humanitarian effects by slowing the growth of the world's human population. These efforts could work in concert with projects to reduce our per capita footprint to reduce humanity's overall environmental footprint.
In addition to the conceptual relationship between human rights and environmental issues, there is also a similarity in terms of the practical action that is taken, and the way IT factors into that process. Several major international documents explicitly connect environmental issues to human rights, offering a human-centered view on the topic of environmental sustainability. For instance, the UN Millennium Declaration includes the following section, under the heading "Protecting Our Common Environment":
21. We must spare no effort to free all of humanity, and above all our children and grandchildren, from the threat of living on a planet irredeemably spoilt by human activities, and whose resources would no longer be sufficient for their needs.
22. We reaffirm our support for the principles of sustainable development, including those set out in Agenda 21, agreed upon at the United Nations Conference on Environment and Development.
23. We resolve therefore to adopt in all our environmental actions a new ethic of conservation and stewardship an s first steps, we resolve:
• To make every effort to ensure the entry into force of the Kyoto Protocol, preferably by the tenth anniversary of the United Nations Conference on Environment and Development in 2002, and to embark on the required reduction in emissions of greenhouse gases.
• To intensify our collective efforts for the management, conservation and sustainable development of all types of forests.
• To press for the full implementation of the Convention on Biological Diversity and the Convention to Combat Desertification in those Countries Experiencing Serious Drought and/or Desertification, particularly in Africa.
• To stop the unsustainable exploitation of water resources by developing water management strategies at the regional, national and local levels, which promote both equitable access and adequate supplies.
• To intensify cooperation to reduce the number and effects of natural and manmade disasters.
• To ensure free access to information on the human genome sequence. (UN General Assembly, 2000) The Millennium Ecosystem Assessment conducted by the UN Environment Programme since many people in the nonindustrialized world are striving to achieve a standard of living like that found in the industrialized one, this focus on current industrialized nations may also provide a test bed for sustainability work that may later be applied more effectively and with greater participation in nonindustrialized nations. By exploring sustainability via the industrialized nations first, this book not only pursues the most striking cases of resource use but may also offer models for sustainable lifestyles that can be deployed elsewhere around the world.
Broadening Complexity
The third main area in which Green IT can broaden horizons is with regard to complexity. There are many different forms of complexity, and Green IT can help with many of them. The two that are most related to the coordinated response of humans to environmental concerns are social and disciplinary complexity.
Social Complexity
In a number of different ways, Green IT can help us work at greater degrees of social complexity. Scaling up social complexity can enable people to take action not just as individuals but also via larger groups and social structures. This scaling can cover anything from small groups of friends to local communities to complex international social networks. One of the great values of computational systems is their ability to scale; online social networks provide for a much greater degree of fluidity and speed in forming like-minded groups.
Among the challenges in managing the social complexity of environmental concerns is the need to pass down innovations from generation to generation. Herein lies the value of attitudes toward sustainability and environmental education; while infrastructural advances can help us live lives with a lower impact, it is critical that future generations embrace sustainability as a lifestyle in order for humanity to survive in the long term. Sustainability is more process than product; it is not simply a matter of fixing the problem and then returning to business as usual. We need a dramatic shift in our approach to living in the world. This shift will produce a great deal of complex changes in human social and cultural systems. It may occur through attitude change, but some aspects are deeply entrenched in human cultures, so adoption may only fully occur in younger generations.
Social complexity also involves the organizations that people have created to facilitate living and working together. Corporations and governments act as proxies for people; just as individuals need to lengthen our time horizons, our conglomerates need to do so as well.
It is interesting to note that participatory culture enabled by the Internet is beginning to blur the boundary between individuals and institutions. It may be that a strong presentation of this dichotomy is becoming less necessary as traditional barriers to group action are lowered. IT support for collective action can be a powerful force for helping people enact change by decreasing the complexity of working together at a global scale.
All cultures contend with the need to consider longer-term issues. The Haudenosaunee (Iroquois) people's seventh-generation philosophy states that decisions should be made with an awareness of their impact on people seven generations from now (SixNations.org, 2007) . This philosophy was adopted by the leading brand of green cleaning products, Seventh Generation, Inc. The ability to plan ahead, conceiving of likely futures as well as potential alternates, is perhaps the key attribute that differentiates humans from other animals. Embracing this ability, and allowing people and our technologies to help plan for long-term sustainability, is the core focus of Green IT.
Disciplinary Complexity
In addition to cooperation around the globe, Green IT involves collaboration across numerous intellectual disciplines. Green IT is a relatively young field that draws on many existing ideas and theoretical frameworks. It harvests technological innovations from computer science, information science, human-computer interaction, interactive media, and electrical engineering. It incorporates broad motivations and goals from ecology, economics, and environmental studies. Various Green IT projects have also utilized ideas from anthropology, psychology, sociology, education, art, music, theater, science and technology studies, and numerous other fields.
It is important to distinguish the topic of Green IT from one of its nearest conceptual neighbors: environmental technology. Environmental technology explores ways in which the environmental sciences can be applied to conserve natural resources and mitigate human impacts on the world. Green IT focuses on how IT can serve these and related goals. Of particular interest in the field of Green IT are the personal and social elements-the ways in which people can be enabled to enact lifestyle changes to live in more environmentally sound ways. In addition, as will be discussed later, certain aspects of the theoretical underpinnings of IT lend themselves to environmentally preferable lifestyles and thus make it an ideal platform for sustainable change.
Value of This Approach
The EHCC approach described earlier-focused on broadening people's horizons in time, space, and complexity-has several key values. These benefits primarily relate to the development of technologies and the sociotechnical systems in which they are embedded, but ultimately must lead to an improvement in the world's environmental condition in order to have true value. Second, with particular existing technological innovations, the EHCC approach can provide guidance in evaluating and refining the system to allow it to have greater Green impact. By analyzing the ways in which systems alter people's horizons, this approach may help discover direct or indirect environmental impacts of IT systems that
were not originally designed to be Green. With systems that are intentionally designed to be Green, an analysis of how they affect people's scales of time, space, and complexity may help to assess each system's success and overall impact.
Finally, EHCC can be used to compare different technologies and help provide an organizing structure. By arranging systems in a taxonomy based on whether they extend people's horizons of time, space, and/or complexity, and the degree to which they do so, it may be possible to find gaps in the taxonomy that point to fertile space for Green innovation.
Structure
Through both theoretical discussions and an examination of specific cases, this book seeks to provide a way of thinking about Green IT. Chapter 2 offers an overview of the broad environmental concerns currently facing the planet. This chapter presents in detail humanity's resource use, waste production, and other effects on the world, and frames the opportunities for IT to make a contribution. Chapter 3 discusses the characteristics of the human audiences for Green IT, looking in particular at how humans and our societies frequently think and act in narrow ways. Chapter 4 focuses on technology in general, IT specifically, and the sociotechnical systems that arise from them, and considers how they can broaden our horizons of time, space, and complexity.
Chapter 5 provides a survey of a broad range of Green IT innovations to offer a sense of the diverse ways IT is impacting environmental issues. Chapters 6-8 discusses three specific areas of Green IT in more detail-environmental education, tools for personal change, and systems that support community action-each of which supplies a unique perspective from which to understand Green IT as a field. In each of these chapters, the analyses are framed around the details of specific projects undertaken by my research group. Taken together, considerations of these three projects help to fill in the contours of the EHCC approach to Green IT. To conclude, chapter 9 explains the way in which Green IT can help us transition from the unsustainable present to a more sustainable future. All of these chapters present an array of existing examples of Green IT projects, in order to provide a sense of the breadth of topics involved in this field.
Methodology
Chapters 6-8 of the book include in-depth descriptions of three social Green IT projects-titled EcoRaft, Trackulous, and GreenScanner-that were created by my research group. EcoRaft is an interactive museum exhibit designed to help children learn principles of restoration ecology. Trackulous is a suite of Web-based tools that assist people in tracking, analyzing, and sharing information about their own environmental impact and other personal data. GreenScanner is a system designed for desktops and mobile devices to help people engage in environmentally preferable purchasing by accessing community-generated environmental impact reviews about consumer products. These projects were created using an iterative design methodology, discussed below, and contributed to the development of the EHCC perspective described previously.
Many varying definitions of design have been suggested by researchers and practitioners over the last several decades. In this text, I will use Herbert Simon's (1996) definition that design is the process of "devis For the evaluation of each successive prototype, the research teams used mixed methods to assess the viability and impact of the system on its intended audience. The teams employed both qualitative and quantitative methods at each stage, tailoring the evaluation methodology to the particular needs of each project. With the educationfocused EcoRaft project, qualitative methods including semistructured interviews and passive observation were used to assess the user experience and learning objectives.
With the Trackulous project, designed to enable people to track their personal habits and behavior, quantitative methods such as an analysis of usage patterns from server logs provided the primary source of information, augmented by a design critique by a skilled user-experience expert. With GreenScanner, the community-based environmental impact review project, server logs as well as online surveys were used to assess the usage and impact of the system.
The audiences that interacted with the various prototypes of each project were selected to represent the target population for the final system. With EcoRaft, the creators exhibited the installation at a regional science museum, and brought in groups of children from the local area to test it at several points. Trackulous was distributed via the Facebook social network and other online mechanisms. With GreenScanner, a press release was sent to a variety of environmental and nonenvironmental news sources as a way of gathering a broad user group through which to evaluate the project.
The iterative design methodology described above facilitated the development of each of these projects, helping the group's research address a range of sustainability issues. In later chapters, these projects are described in greater detail and are each connected to the EHCC perspective. Each project is explicitly analyzed to examine how it contributes to the lengthening of people's time horizon for thinking about environmental issues and the ways in which it situates people at the center of this suite of concerns. This methodology provides an adaptable lens through which to examine the breadth of topics that collectively make up the field of Green IT.
Scope of This Work
The challenge of moving humanity toward sustainability is vastly complex; no one text will be able to cover all aspects of this effort. Therefore, this book seeks to address one small part of the broad set of topics that must be integrated to enable sustainable civilizations. IT is a powerful piece of the sustainability puzzle because it offers a multiplier effect on many sociotechnical systems operating around the world. There are many other factors, however, that must contribute to this goal as well.
There are some deep questions related to cause and effect that underlie the issue of The goal of Green IT is to help people make a difference, and change our world to be more in accord with the way we would like it to be. The naked cyclists in Seattle have one unique way of making a difference. In addition to high-profile demonstrations, though, there are thousands of ways, large and small, that people and institutions can participate in a movement toward environmental sustainability. By helping people and organizations discover approaches to changing our world and working together to accomplish sustainable goals, Green IT is enabling a certain part of human consciousness that looks out for others, looks out for animals and plants, and in the long run looks out for our children and ourselves. This text seeks to help us understand the ways in which Green IT has had an impact already, and the ways in which it could have an even greater impact in the future. By contributing to an understanding of the social and technological mechanisms by which Green IT contributes to sustainable living,
Greening through IT may itself make a greater contribution than the environmental cost of the paper on which it is printed. I hope it will.
